Abstract. A summary of the on-going preparations from the ATLAS and CMS collaborations to perform top quark physics in Run II of the LHC and at the HL-LHC is given. To maintain the current level of precision and profit from the high-luminosity scenario expected in the next runs of the LHC, several new reconstruction techniques and detector upgrades are foreseen.
From these examples it becomes clear that the top quark plays a unique role in the particle physics. Despite the achieved precision in the SM measurements and the limits in the direct searches, after the LHC Run I, it hasn't been yet possible to learn which BSM physics is in reach of the top quark [1] . Further progress can only be achieved by analyzing more data 2 . Thus there are strong motivations to keep pursuing its physics in the next LHC runs, both expanding measurements of its properties as well as searching for BSM physics produced in association with, or mimicked by, top quarks. A review of the prospects for top quark physics in the next runs is given in the next sections of this run-through, based on [2, 3, 4, 5, 6 ].
Challenges for
√ s = 13 TeV and beyond 2.1. The machine and the detectors The upcoming Run II of the LHC will bring up to 300 fb −1 of pp collisions at √ s = 13 TeV. This will yield a drastic increase of the production cross section of strongly produced processes, as the parton luminosity, in particular gluon-gluon, increases very steeply: O(10) gain is expected for M gg > 1 TeV. The increase in energy and integrated luminosity will be accompanied by an increase in pileup (which may reach up to 50 interactions per bunch crossing), and a reduced bunch spacing of 25 ns. The ultimate phase of the LHC, the High Luminosity LHC (HL-LHC), is targeted to start in 2024 and it is expected to collect up to 3 ab −1 of pp collision data at 14 TeV, after 10 years of operation. Targeting an instantaneous luminosity of 5 · 10 34 cm −2 s −1 the average pileup will be close to 140 interactions per bunch crossing. In order to be able to produce such a large dataset the LHC machine will have to undergo a series of upgrades which will enable, amongst others, the replacement of the dipoles, the upgrade of collimation and cryogenics, the installation of crab cavities and the leveling of luminosity. To fully profit from this scenario both ATLAS [7] and CMS [8] detectors will undergo through a series of upgrades which started already for Run II with a completion of the muon coverage and muon trigger systems and installation of smaller radius beam pipes. In addition CMS replaced the PMTs and SiPMs of the hadronic calorimeter and ATLAS installed an additional pixel layer and a diamond beam monitor. Towards the HL-LHC the forward calorimeters and the inner trackers will be replaced gradually as well as the electronics of most sub-detectors and the trigger systems.
Taming pileup
To explore fully the physics in reach of the next runs of the LHC detectors have to face inevitably the pileup challenge. Amongst other effects, the incoherent overlap of energy flux from both in-time and out-of-time bunches contaminates the isolation of leptons, the clustering of jets and the measurement of the missing transverse energy in the event. As an example, the jet energy resolution is expected to be drastically worsened, degrading by a factor of 2 for p T ∼ 30 GeV when the average pileup is 140. Furthermore, non-negligible contamination of the events with fake jets, from pileup, is expected: even if pileup jets are characterized by a steeply falling spectrum in p T , their rate is proportional to the average number of simultaneous collisions occurring each bunch crossing. If no new techniques are applied to mitigate these effects it will become impossible to achieve the physics goals aimed for Run II and the HL-LHC.
Using the association of tracks to the primary vertexes (PV) reconstructed in an event has already proved to be a useful technique to mitigate in-time pileup during Run I. Either by using the distribution of tracks associated to the leading-p T PV of the event as a pileup jet discriminator (ATLAS' Jet Vertex Tagger), either by removing the tracks associated to the nonleading p T PV before running the jet clustering algorithm (CMS's Charged Hadron Subtraction).
After correcting for inefficiencies induced by hit confusion, fake hits, vertex merging, etc., stable identification efficiencies and improvement in the jet energy resolution are obtained. At calorimeter level, pileup can be further tamed by exploring the granularity in the calorimeters. By relaxing iteratively the requirement on the hit significance above noise, when building energy clusters, the Topological Clustering algorithm used in ATLAS, proves to be efficient in reducing both noise and pileup, prior to jet reconstruction. Pileup subtraction can also be carried by using constituent subtraction with the jet area, which can be enriched by using tracking information. In these techniques it is important to tune the thresholds and weights assigned to each subdetector in the clustering algorithms. These may depend on the pileup scenario and also require a good simulation of noise, calorimeter aging, zero suppression and selective readout algorithms.
An interesting technique arises from the usage of k T -like distances to quantify the probability of nearby energy deposits, tracks or fully reconstructed particle candidates, as being due to the primary event or due to pileup. No information is lost by subtracting information from the event, and instead different weights are assigned according to a probability distribution. The Pileup per Particle Identification algorithm [9] is expected to lead to stable and unbiased jet energy and estimation with optimal resolution and it is therefore one of the main candidates to deploy in Run II to tame pileup. Tightening further the cone used for jet clustering can also mitigate effectively the worsening of the resolution at the cost, however, of a poorer response and larger dependency on the modeling of hadronization and out-of-cone effects. More details can be found in [10, 11] .
To maintain the performance of the identification of jets produced by heavy-flavored quarks (c and b), the detectors will have to substitute their pixel detectors. The additional pixel layer (IBL) installed last May in ATLAS is expected to lead to an improvement of the rejection of mis-tagged flavors by a factor of 2; the new CMS pixels will enter in operation in 2017 and are expected to improve the current performance, even when used in an average 50 pileup events scenario.
Improvements from theory
The preparation for the analysis of new data is also being done by updating to the latest NLO with matched parton shower simulations for signals and backgrounds. These are expected to yield more accurate predictions with reduced uncertainties from the choice of the QCD scale. The inclusion of both non-resonant and resonant diagrams, where the top quark width and the interference with the background continuum are treated consistently, will improve our modeling of the signal. New hadronizers, with improved decay tables, more recent underlying event tunes and non-perturbative QCD models will also contribute for our understanding of the measurements to perform. Ultimately, full NNLO predictions for differential distributions it both tt and single top events can be tested against larger data samples: charge asymmetry and top p T are two amongst the most relevant. A complete overview has been given during this conference in [12] .
3. Crossing the precision frontier 3.1. Production cross sections First day measurements will be focused on top quark production which, for tt production, is expected to increase by a factor of 5 (10) inclusively (for masses above 1 TeV). It is important to notice that current uncertainties can only be partially improved from the experimental side as the main ones (luminosity and beam energy) will hardly improve with higher pileup and center of mass energy. From the theory side an improved understanding of the signal acceptance and single top modelling will benefit these measurements. On the other hand, cross section ratios have the benefit of yielding partial cancellation of some of the uncertainties. Moreover, optimizing the measurement ot the ratio of cross sections at different energies (given the data available for the 8 and 7 TeV runs) is expected to contribute to a better knowledge of the NNLO PDFs, in particular at large x, given the fast rise in the tt cross section as function of the invariant mass of the di-parton system. Separating the gg andproduction, e.g. by associated W production tagging, will also be of interest.
The cross section for single top quark production is expected to increase less steeply than the tt one, due to PDFs. Thus, improving the current uncertainties will be challenging. Exploring tighter phase space requirements and differential measurements may help constraining more effectively the current uncertainties yielding more precise measurements of V tb , m t , and other top properties, as well as the PDF dependency of the cross section. As for tt, a global understanding of the top production as a whole including resonant and non-resonant contributions will be mandatory in the new runs. Establishing the associated production of t+Z will also be possible with new data and an important achievement to understand further the backgrounds for tt+Z and tt+H, amongst others.
In both cases, tt and single top, differential measurements, reported in fiducial regions, provide crucial tests of pQCD, PDFs or alternative models. Furthermore they have the potential of reducing the theory systematics and experimental biases if in-situ fits are performed. In this context establishing more precisely the p T of the top quark in tt events will be of particular importance as it impacts many precision measurements as well as BSM searches. In general, if the underlying mechanism of production and decay of tops is established precisely enough, other distributions related to charge asymmetry, spin correlations, missing transverse energy, amongst others, have the potential to constrain further BSM contributions.
A global overview of the couplings
Couplings of the top are naturally present at production and decay. The tWb vertex structure has been found so far to be consistent with the SM but there is potential to improve its measurement by combining different results obtained with tt and single top events. With more data and a global overview fit we have to potential to measure all vectorial and dipole terms and also possible phases of the Lagrangian.
The necessary statistics needed to measure the couplings of the top quark to neutral vector bosons (Z, γ) will be achieved during Run II. Given δg ttZ ≈ 10%(1 TeV/Λ) 2 , it is expected that at the end of the HL-LHC BSM contributions up to Λ ∼ O( TeV) are tested from the measurement of the coupling to the Z. Comparable reach is expected for the case of the γ.
Similarly, BSM contributions to FCNC, have the potential to be severely constrained with more data. In these cases, discovery stories of FCNC with top using B(t → cH), with H → γγ, or B(t → qZ) in tt events are expected to be possible in the HL-LHC scenario, e.g. if B(t → qZ) > 0.02%. In case of no discovery, FCNC searches will place stringent limits on BSM contributions up to an energy scale significantly larger than the one the LHC will be able to produce directly. The expected reach of the ATLAS detector for Run II and the HL-LHC in limiting FCNC in the qZ and qγ final states is summarized in Fig. 1 .
The main interest of the next runs is, nevertheless, the measurement of the coupling to the Higgs boson. By combining different final states (bb, γγ, multi-leptons from W, Z or τ ) from ttH associated production, it will be possible to measure the top Yukawa coupling with an uncertainty O(15%) / O(10%) after Run II / the HL-LHC. Interestingly, the current analyses observe an excess in the multi-lepton channel which will be important to explore with more data, as many BSM models predict these type of final states produced with top quarks.
A global overview of the top quark couplings, aggregating the information obtained from different final states and analyses, as well as providing comparisons with meaningful benchmarks will be needed in the near future. An example, using NLO computations, has been presented during this conference by [13] .
Mass and width
Current measurements of the mass attempt to make a step forward in both precision, by expanding the number of variables which can be constrained in situ or disentangling the differential spectrum of the inclusively calibrated measurement; and illumination of the nature of the measured parameter, by exploring alternative methods, different final states. The standard measurements, initiated at the Fermilab Tevatron, are expected to yield the most powerful results, from the experimental point of view. Including in-situ constraints, higher order corrections from theory and improving the UE and fragmentation tunes with dedicated measurements in tt events, are all expected to help reducing further the uncertainty and contribute to clear up the road towards a final uncertainty close to Λ QCD by the end of the HL-LHC. Alternative measurements such as the B-hadron lifetime technique, spectra endpoints and based on the invariant mass of + J/ψ system are expected to attain sub-GeV uncertainties but, due to tighter requirements they are note expected to attain the same level of uncertainty. Figure 2 summarizes the expected evolution of the uncertainty attained by different techniques. A more detailed discussion can be found in [14] .
Intrinsically related to m t is the width of the top quark. A direct measurement from the mass shape, or the exploration of the production cross section where off-shell tops dominate may yield further insight on this fundamental property of the top quark. Both techniques are expected to be feasible with larger datasets and also with a deeper understanding of the inclusive WbWb production from the theory side [15] . CMS projection of the top-quark-mass precision (in GeV) obtained with different methods, for various integrated luminosities. From [14] .
Unveiling the landscape of new physics
Precision measurements and direct searches with top quarks strengthen each other helping bringing to light the BSM landscape. Although covering the different signatures which will be sought for with the next runs is out of scope of this manuscript it is important to refer how top quark events can contribute to probe effectively the naturalness concept at the LHC.
Stop production through gluino-pair-or direct-production have the largest potential to yield discovery stories in the next runs. Discovery can occur both in cases where the mass splitting is large, with SUSY partners near the TeV scale, as well as in cases where the tt plus missing energy signature would be more elusive, due to compressed SUSY spectra. The full hadronic and single lepton channels may drive the story of discovery due to its larger branching ratio but other final states will help making a more solid case. The mass spectra of SUSY-like partners is expected to be covered up to 1.2 TeV (2 TeV) for stops (gluinos). In this scenario the fine tuning of the theory would be tested up to O(1/100). In a composite Higgs scenario, searching for extra symmetries, dimensions or exotic top partners will test naturalness. Z' and Kaluza-Klein gluons will be probed up to a mass of 6 TeV, while exotic top partners, such as vector-like-quarks will be explored in a mass range similar to the one explored for the stops. However, BSM may be elusive and only in reach by a systematic measurement of the differential spectra or by resigning from preferential coupling to b quarks if non-trivial flavor mixing occurs. Therefore no stone must be left unturned when looking directly for a sign of new physics with top quarks.
Final remarks
Although both ATLAS and CMS collaborations are still finalizing the Run I data analyses, more data is clearly needed to take the next step towards understanding further the nature of the top quark and if it couples to BSM sectors. Both experiments are working intensively to restart with similar, or improved performance, in harsher data-taking conditions. Detector upgrades, improved reconstruction and calibration techniques, making use of the latest theory tools are some of the examples chosen in this run-through. Precise cross section measurements, a global view of the couplings of the top, the ultimate top mass and testing naturalness are essential components of a long list which is expected to be achieved after scrutinizing the LHC Run II and the HL-LHC data.
